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ABSTRACT
'The Lake Victoria ecosystem has experienced such a profound ecological
change that Oreochromis niloCicus - an introduced species, is the only
important cichlid (out of the original 250 + spp) left in the lake. It is
the basis of an important commercial fishery which is intensely exploited
by sophisticated methods. An investigation of its feeding habits at
present indicates that the species could also playa major role in the
energy flux of the lake. Fisheries management in Lake Victoria will thus
require multi-disciplinary studies which reflect a total ecosystem
approach.
INTRODUCTION
The Lake Victoria ecosystem has experienced limnological and ecological
changes associated with fishing levels, alien fish introductions, a rise
in lake level of the 1960s, and human activities in the drainage basin
(Beauchamp 1955a,b; Welcomme 1964a,b, 1966a,b, 1967; Goudswaard 1988;
Ba1irwa 1988; Bugenri & Ba1irwa 1988; Ligtvoet 1988; Ochumba 1988). The
Victoria fish community was originally dominated by haplnchromine cichlids
(Fryer & lles 1972; Witte 1981). These comprised at least 80% of
ichthyomass (Kudhongania & Cordone 1974) classified in at least 11 trophic
~roups dominated by detritivores and phytoplanktivores (Greenwood 1974;
Oijen ec al. 1981; Witte 1981). Stocking of the lake with Nile perch which
preyed on many of these endemic cichlids (Ogutu-Ohwayo 1984; Ogari 1985;
,Hughes 1986; Ogari & Dadzie 1988) was followed by a decline in species
diversity (Ogutu-Ohwayo op. cit.; Okaronon eC al. 1985; Ssentongo &
Welcornme 1985; Witte & Goudswaard 1985; Acere 1988; Goudswaard 1988;
Goudswaard & Ligtvoet 1988). On the other hand, stocking the lake with
ti1apiines is reporttd to have been followed with interspecific
competition between the introduced and endemic tilapiines and
hybridisation (Welcornme 1967). As an efficient herbivorous species which
grows much bigger than haplochromine cich1ids, O. niloticus could also
have contributed to competitive elimination of at least some hap1ochromine
species.
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Thus, the transfer of energy previously through the haplochromines may at
present be through other species. Ligtvoet (1988) suggests two main flows
of energy: the detritus food chain via Caridina and insect larvae, and,
the grazing food chain from phytoplankton via zooplankton, Rastrineobola
and small Nile perch both culminating in adult Nile perch. Obviously,
factors such as shoreline activities (often through biomanipulation),
selective removal of particular species e.g. through fishing could be of
great importance in the littoral autotrophic mechanisms and subsequent
interactions. Although difficult to quantify, these factors illustrate
shortcomings in our understanding of the prevailing status of the lake
and, therefore, the need to incorporate multi-disciplinary results into a
comprehensive management system. UFFRO is executing a broad research
programme which includes studies of water chemistry, primary production,
invertebrates, and the major fishery components including their biology
and ecology. This paper forms part of the results of that programme.
MATERIALS AND METHODS
Specimens were collected by trawling with a research boat m.v. Mputa (125
HP) within Napoleon Gulf (Fig.l) between 09.30 - 14.00 hrs during October
- November 1988. The time of the day coincides with active feeding in
Oreochromis niloticus (Moriarty, C. & Moriarty, D. 1973; Harbott 1975).
Biometric data (fresh weight, total and standard length, gonad state and
degree of stomach fullness) were taken. Entire guts were preserved in 5%
formalin and later subjected to laboratory analyses under a micros'cope
(magnification up to 600x). The stomach, fore- and hind-gut were ~xamined
separately as in Fish (1955). Phytoplankton identification was based on
the work of Mosille (1984) and Talling (1987). Percentage frequency of
occurrence and volumetric methods were used to assess the feeding of the
speeies. Welcomme's (1967) analyses served as baseline informatio~of the
species' feeding habits in Lake Victoria at an earlier period. A survey of
the current methods of fishing for O. niloticus was also made to assess
their impact on populations.
RESULTS
Appendix I shows results obtained by Welcomme (1967). Results from the
present study appear as Appendix II. Both sets of results reflect the
frequency occurrence method and are, therefore, comparable. The present
study also shows the occurrence of items in different sections of the gut.
A further volumetric analysis of the main contents of the stomach showed
that detritus was the main component.
Apart from detritus, other items of major importance found in the stomachs
were Caridina, molluscs, Chironomids and various other insects.
Quantitative values for these items varied between 5-90% by volume of
stomach contents and were more common in October samples. The quantitative
contribution of all phytoplankton combined was less than 5% in both
months.
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The diversity of food items including phytoplankton shown by the present
study is higher than previously recorded. Some differences in the
frequency of o~currence between the two data sets are notable:
Pediastrum, Botryococcus and Closterium among the Chlorophyceae;
Helosira, Nitzschia and Surirella among the diatoms; and, Lyngbya,
Anabaenopsis and Hicrocystis among the Cyanophyceae. These may not be of
much comparative value as it is not clear in which month earlier
collections were made.
DISCUSSION
The algal feeding habits of Oreochromis have been extensively
investigated. Fish (1951,1955) suggests that diatoms (rather than the
greens and blue-greens) form the main usable food, but (Moriarty 1973;
Moriarty, C. & Moriarty, D. 1973; Harbott 1975) have conclusively shown
that all phytoplankton can be assimilated by O. niloticus. From these and
'other studies (Lowe-McConnell 1958; Welcomme 1967; Fryer & Iles 1972;
Colman & Edwards 1987), the importance of phytoplankton in the diet of the
species has been emphasized. However, the frequent occurrence of large
quantities of detritus and invertebrates in the diet of adult fish is a
phenomenon which has not been reported in Lake Victoria O. niloticus.
All the foods ingested are associated with detritus (present in 100% of
the guts). This contrasts with 42.8% from Welcomme's study. Taken as main
contents when detritus forms at least 40% by volume of each stomach, the
occurrence method gives 78.3% and 82.2% for October and November
respectively. If 80% of main contents are considered as detritus, the
figures are 63.8% and 91.1% for October and November respectively. Most of
the food in the most stomachs is, therefore, made up of detritus.
Wel~omme's study on the other hand lists only 5.7% of specimens examined
as containing bottom material only.
The presence of a wider range of dietary items recovered in guts confirms
the trophic plasticity of the species (Lowe-McConnell 1958) but is also an
indication of the av~ilability of the items to the fish. qreenwood (1953)
and Colman & Edwards (1987) observe that digestion in O. niloticus is
associated with filter feeding and mucus production. TIle pattern
observed during the present study may indicate a switch by the species to
a diet which is more readily available (detritus and invertebrates) and is
less energy and time consuming. As the species is omnivorous, many of the
items can be picked from the bottom where the fish would essentially be
."drinking rich organic soup".
Apart from its omnivorus diet and wide ecological tolerance, the trophic
characteristics of O. niloticus at present may be a reflection of
ecological changes tttat have occurred in the lake. For instance, the
decline in haplochromines most of which were ditritivores (Greenwood 1974;
Witte 1981) and other trophic groups could have reduced competitive
interactio:ls involving O. niloticus. Hence, the food sources such as
detritus, Caridina, chironomids and gastropod molluscs are probably more
readily available to the species than at an earlier period.
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Although no data are presently available on these aspects, casual field
observations indicate an abundance of invertebrates especially Caridina
and molluscs in codends of trawls made during the last two years. Algal
blooms and swarms of lake flies also seem to be more pronounced than in
the past. With a reduction in grazing pressure by phytophagous
haplochromines and endemic tilapiines, autotrophic production could
presently be higher than twenty years ago. The increase in primary
production has also been associated with human activity along the
shoreline (Coulter et ai. 1986; Bugenyi and Balirwa 1988; Ochumba 1988).
A consequence of the above forces would be an increase in benthic and
"planktonic-rain" biomass at the sediment-water interface where
O. niioticus feeds. It is, therefore, possible that in addition to its
economic importance, the species plays a major role as a stabilizing
factor of biomanipulation.
The loss in native fishes can be made good through a management system
dependent on multi-disciplinary information which combines various aspects
of management of the ecosystem. Most fishing for O. niioticus in the
northern waters of Lake Victoria at present is done with active gear.
This involves the setting of gill nets followed by beating of water or by
diving with sticks to drive the fish into the nets; nets are lifted
within an hour and five to seven such rounds can be made in one night.
Gill nets can also be used as seines or ring nets. These and other
innovations contribute to the high catches of O.niloticus being landed.
Without an effective check on some of these methods, population~ of O.
niloticus are likely to decline rapidly thereby affecting the r~cycling of
matter in the ecosystem.
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Appendix I. The principle items in the gut contents of O. niloticus
(Welcomme, 1967).
Item Percentage occurrence
Filamentous green algae
1. Chlorophyceae general
Pediastum
Scenedesimus
Ankistrodesmus
Staurastrum
Botryococcus
2. Diatoms
Amphora
Cymbe 11 a
Fragillaria
Gomphonema
Melosira
Navicula
Pinnularia
Rhopalodia
Nitzschia
Surirella
3. Cyanophyceae
:'yngbya
Oscillatoria
Anabaena
Microcystis
Merismopedia
Dinoflagellates
Flagellates
Rhizopods
Rotifera
Crustacea
Insect remains
Bottom plants
Portions bitten off plants
17.2
74.4
71.5
60.0
34.2
60.0
37.2
100.0
22.4
20.0
2.8
8.5
91. 5
22.4
17.2
5.7
20.0
57.2
80.0
17.2
22.4
40.0
40.0
11.4
22.8
8.5
2.8
17.2
14.3
40.0
2.8
n = 35; Size range (S.L.) 18.8 + 2.0.
The percentage of fish found. with each type of food was:
- Bottom material only, 5.7%
- Bottom material and apparent
planktonic material, 37.1%
- Apparent planktonic material
only, 57.2%
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APPENDIX II Gut eattents of O. nilotia.lS speciJlens oollecta1 durirY1 octdJer am NcveIi:ler 1988
Item Peroentacje oocurreroe in:
staDadl Fore - gut Hin:l - gtIt
a b a b a b
1. arr..oRJFHYCFJIE (Green algae)
Pe:tiastrum 13.0 26.7 23.2 60.0 23.2 44.4
5cenedesnus 31.9 26.7 56.5 75.6 62.3 53.3
A!'l!d.strOOesn 42.0 57.8 53.6 75.6 58.0 57.8
staurastrum 1.4 1.4 2.2 2.9 4.4
erucigenia 10.1 13.3 15.9 24.4 15.9 15.6
Cbe1asttum 18.8 31.1 24.6 28.9 34.8 31.1
Dict:yosOOaerilUD 11.6 2.2 8.7 2.2 14.5 4.4
ClosterilUD 39.1 44.4 62.3 68.9 63.8 44.4
Tetraedrgt 8.9 5.8 15.6 7.2 11.1
Kirctlneirie11a 4.4
OosmarilUD 2.2 6.7
selenastrum 2.9 2.2 4.3 4.4
EPiphytic algae (mixed) 1.4 4.4 2.9 2.2 8.7 6.7
2. BACILIAAIOmYCFAE (Diatans)
Melosira 10.1 22.2 17.4 46.7 11.6 37.8
NitzsdIia 81.2 82.2 94.2 93.3 84.1 71.1
SUrirella 11.6 13.3 15.9 33.3 13.0 24.4
Navicula 20.2 31.1 49.3 44.4 40.5 42.2
~ 7.2 6.7 14.5 8.9 11.6 4.4
Fragilaria 8.7 13.3 18.8 35.6 18.8 35.6
CyriJella 2.9 2.2 4.3 6.7
COC:ca1eis 6.7 6.7
<:ymatg:>leura 4.4 6.7
3. CYAlaHYCDE (Blue-green algae)
~ 47.8 55.6 44.9 66.7 23.2 48.9
Microevstis 68.1 75.6 79.7 77.8 66.7 55.6
Anabaena 46.4 66.7 36.2 31.1 24.6 24.4
Anabaeuoosis 39.1 62.2 21.7 26.7 11.6 15.6
Merisnppedia 39.1 44.2 52.2 55.6 60.9 46.7
OScillatoria 15.9 28.9 20.3 26.7 15.9 20.0
4. Higher plant material e.g. 34.8 44.4 40.6 57.8 30.4 46.7
roots am parts bitten off
plants
5. IEIRI'IUS 100.0 100.0 100.0 100.0 100.0 100.0
6. nMm'EBRA'l'ES
earidina 17.4 15.9 4.3
Cqlepods 27.5 42.2 29.0 26.7 29.0 .'12.2
OStracods 4.3 8.9 11.6 6.7 7.2 4.4
Clar.k....:"'"~;·,~. 7.2 10.1 4.3
Chir:nani.d larvae 13.0 6.7 13.0 2.2 8.7 2.2
Qladlorid larvae 4.3 20.0 5.8 13.3 8.7 13.3
~ 'Jthe.:: i.."'lSed: ;:'ES.aL-.s 14.5 17.8 11.6 11.1 4.3 8.7'bll~cs arrl rfolluscs 9:FJS 5.8 6.7 7.2 4.3 6.7
~ (mainly Ga.,-t:rcp:lds)HDtifers
a. octdJer oouecticn n - 69 ~ size rarqe (SL) 13.3 - 42.0 all
b. NaveIber oollecticn : n = 45~ size rarqe (SL) 14.0 - 42.2 all
-
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